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How to do good clinical cartilage studies: The road traveled, the 
road forward 
S. Lohmander, Sweden 
&WJEFODFPGQBUJFOUCFOF¾UPGDBSUJMBHFSFQBJS JTEJTBEWBOUBHFECZ
the limited quantity and quality of randomized clinical trials (RCT) of 
surgical methods. This statement should not be interpreted to suggest 
that the advantage of the RCT is always axiomatic, and that other study 
designs cannot provide valuable evidence. However, the RCT design has 
considerable advantages over the alternatives, and is generally accepted 
BTUIFHPMETUBOEBSEJOPUIFSNFEJDBM¾FMET
Randomized clinical trials (RCT) are demanding clinical experiments to 
design and perform. The design, execution, analysis and publication of a 
clinical trial involving surgery is an even greater challenge, explaining in 
part the scarcity of surgical RCTs. Other reasons for the lack of surgical RCTs 
are historical, lack of surgeon’s equipoise, lack of surgeon’s experience, 
EJG¾DVMUZ PG EBUB DPMMFDUJPO BOE MBDL PG TVSHFPOµT FEVDBUJPO JO 3$5
design. Other issues working against the surgical RCT are rare conditions 
PSIFUFSPHFOFPVTQPQVMBUJPOTNBLJOHBDDSVBMPGQBUJFOUTEJG¾DVMU BOE
the ‘learning curve’ for new surgical techniques requiring extended run-
JOQSPDFEVSFT#MJOEJOH JTEJG¾DVMU JOTVSHJDBM3$5TCVUOPU JNQPTTJCMF
Patient’s equipoise can be a hurdle when comparing a surgical and non-
surgical treatment; the patient not wanting this decision to be decided by 
chance. For cartilage repair studies, follow-up of a minimum of 2 years is 
needed, and 5-10 years may be more relevant. Considering these particular 
challenges, beyond those associated with any RCT, it is not surprising that 
there are too few randomized, blinded trials involving surgery. 
The key strengths of RCTs are control of confounding and bias. Well-
conducted a priori designed subgroup analyses from RCTs can reveal 
whether the effects of an intervention differ according to particular 
patient characteristics. In contrast, controlled studies that do not assign 
patients randomly are susceptible to bias. Uncontrolled studies, such 
as administrative or registry-based analyses or case series provide 
weaker evidence and are not designed to address placebo effects of 
the intervention. These latter types of studies can give a broader view of 
outcomes of interventions in everyday practice than the tightly controlled 
3$5 )PXFWFS UIFZ BSF UPP PGUFO ¿BXFE CZ QPPS RVBMJUZ PG EBUB BOE
unmeasured variables. Case series are a very weak design for evaluating 
effectiveness, due to lack of appropriate comparison groups and failure 
to control for placebo effects. Publication bias, sponsor bias and reporting 
bias confound systematic reviews and meta-analysis of this as well as other 
¾FMET"MBSHFOVNCFSPGTUVEJFTIBWFCFFOQVCMJTIFEPOEJGGFSFOUBTQFDUT
of cartilage repair. An analysis of the quality of human cartilage repair 
studies reported a generally low methodological quality of these studies, 
and suggested caution in interpreting the results of these repair procedures 
(Jakobsen et al. 2005). Three recent systematic reviews of cartilage repair 
procedures have been published (Clar et al. 2005, Ruano-Ravina & Jato 
Diaz 2006, Wasiak et al. 2006). These reports included four RCTs, three 
RCTs and nine case series, and four RCTs, respectively. The overall and 
consistent conclusion of these three systematic reviews was that there 
XBTJOTVG¾DJFOUFWJEFODFPGBEJGGFSFODFCFUXFFOBVUPMPHPVTDIPOESPDZUF
JNQMBOUBUJPO BOE PUIFS JOUFSWFOUJPOT 'VSUIFS UIFSF XBT JOTVG¾DJFOU
evidence at present to say that autologous chondrocyte implantation 
was cost-effective compared with microfracture or mosaicplasty. It was 
also stated that additional good quality RCTs with long-term functional 
outcomes are required. Subsequent to the these reviews, further RCTs 
of cartilage repair have been published. A review of these suggests that 
the overall conclusions of the systematic reviews referred to here remain 
unchanged. In contrast to the RCTs, publications of case series of cartilage 
repair generally report overall improvement in patients, often concluding 
with a recommendation of the procedure reported on. An analysis of the 
quality of cartilage repair studies (Jakobsen et al. 2005), however, showed 
that the methodological quality of these reports was low, and suggested 
that results should be interpreted with considerable caution. For example, 
61 studies used a total of 27 different clinical outcome scales to assess 
and report outcome, severely confounding any attempt of a meta-analysis. 
Moreover, studies of this type do not take into account the placebo effects 
of surgery, and do not include well controlled comparison groups. A 
considerable literature attests to the powerful placebo effects of surgical 
interventions, and these effects are perhaps especially likely to contribute to 
the outcome of surgery designed to alleviate pain. A recent RCT comparing 
sham surgery with arthroscopic surgery provides a good example of the 
role of the placebo effect in surgical treatment (Moseley et al. 2002). 
Surgeon bias and lack of equipoise strongly speaks in favor of using patient-
reported outcomes as primary study outcomes, and the use of treatment-
blinded, independent observers to assess any other outcomes. Several 
publications document that the surgeon consistently reports outcome in 
a more positive light than the patient (Roos 2001, Lieberman 1996, Höher 
1997), emphasizing the need for independent observers. How do we move 
GPSXBSEJOUIFDBSUJMBHFSFQBJS¾FMEIPXTIPVMEGVUVSFTUVEJFTCFEFTJHOFE
UPTIPXQBUJFOUCFOF¾UPGUIFOFXNFUIPET 8IBUHVJEBODFJTUIFSFGPS
the design of next generation cartilage repair studies? Numerous guides 
exist for RCT design and reporting, the CONSORT statement representing 
a gold standard for RCT reporting (Moher et al. 2001). It should further be 
noted that in order to be accepted for publication in most journals, trials 
need to be prospectively registered in one of the available databases for 
clinical trials, for example http://clinicaltrials.gov/. Lack of equipoise with 
patient and or surgeon is a hurdle to the recruitment into the classic RCT 
design. Recent reports comparing operative and non-operative treatment 
of lumbar disk herniation provided an intriguing solution to this challenge, 
by including those patients refusing randomization into a parallel two-
armed observational study, with essentially the same design as the RCT, 
and then reporting both the RCT and the observational study outcomes 
(Weinstein et al. 2006a, Weinstein et al. 2006b). As noted, case series 
reports can, in spite of their inherent methodological limitations, provide 
WBMVBCMFJOGPSNBUJPOUPHVJEFDBTFEF¾OJUJPOUSFOEBOBMZTFTGPSPVUDPNFT
and clues as to natural history and causation. For this to be the case, these 
studies need to be designed and reported with the same stringency as 
RCTs (Carey & Boden 2003). Characteristics of a well-designed case series 
SFQPSU JODMVEF B NJOJNVN PG DMFBSMZ EF¾OFE RVFTUJPO XFMMEFTDSJCFE
TUVEZQPQVMBUJPOXFMMEF¾OFETFMFDUJPOQSPDFEVSFTBOEEFTDSJQUJPOPG
those excluded and lost to follow-up, well-described intervention, use of 
validated outcome measures and appropriate statistics, well-described 
results including adverse events, discussion and conclusions supported 
by data, and funding source acknowledged. It should be noted again that 
case series cannot be used to draw inferences regarding treatment effect. 
Future investigators of cartilage repair need to more carefully choose their 
study design and use generally accepted outcome measures validated for 
the patient groups being studied, and report their results following existing 
guidelines. Outcomes relating to the cartilage, the joint and the patient are 
all of interest to the investigator. For medical and surgical interventions, 
patient-reported outcomes are primary outcomes and represent the gold 
standard. Other outcomes, such as cartilage structure, indentation data, 
biomarkers or imaging data cannot be regarded as surrogates of patient-
relevant outcome until carefully validated as such. In conclusion, there 
JTJOTVG¾DJFOUFWJEFODFPGBEJGGFSFODFCFUXFFOBVUPMPHPVTDIPOESPDZUF
implantation and other interventions that aim at cartilage repair. This may, 
at least in part, be due to a low methodological quality of available reports. 
Good quality RCTs and other types of long-term studies that follow current 
published guidelines for study design are required. 
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